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SONIC-BOOM MEASUREMENTS FOR SR-71 AIRCRAFT OPERATING AT
MACH NUMBERS TO 3.0 AND ALTITUDES TO 24 384 METERS
By Domenic J. Maglieri, Vera Huckel, and Herbert R. Henderson
Langley Research Center
SUMMARY
Sonic-boom pressure signatures produced by the SR-71 aircraft at altitudes from
10 668 to about 24400 meters and Mach numbers of 1.35 to 3.0 were obtained as an adjunct
to the Edwards Air Force Base Phase I and H Sonic Boom Evaluation Program relating to
structural and subjective response which was conducted in 1966-1967 time period.
Approximately 2000 sonic-boom signatures from 33 flights of the SR-71 vehicle and two
flights of the F-12 vehicle were recorded. In this report measured ground-pressure
signatures for both on-track and lateral measuring station locations are presented and
the statistical variations of the overpressure, positive impulse, wave duration, and shock-
wave rise time are illustrated. No unusual phenomena, regarding overpressure variation
with altitude and lateral distance or the variability of sonic-boom signature waveforms
due to atmospheric nonuniformities in the lower layers, were encountered for the high-
altitude and high-Mach-number range of these tests. The experimental results fit
generally into the established patterns of other available sonic-boom flight data from
F-104, B-58, and B-70 aircraft and also correlate very well with current prediction
methods utilizing existing theory.
INTRODUCTION
Extensive experimental and theoretical test programs have led to a general under-
standing of the sonic-boom phenomena associated with supersonic flight. (See, for
example, refs. 1 to 5.) Previously reported flight test data (refs. 6 to 10) have covered
the altitude range of from about 15 to 22000 meters and Mach-number range of near 1.0
to 3.0; however, the bulk of the data applies to the moderate and lower ranges of both
Mach number and altitude. Results obtained in flight test programs involving the SR-71
aircraft (refs. 3 and 11) serve to expand the matrix of experimental data with particular
emphasis on very high Mach numbers and altitudes.
The SR-71 data reported herein cover an altitude range from 10 668 to 24 384 meters
and Mach-number range from 1.35 to 3.0. The data, some of which have been presented
in reference 3, were obtained as an adjunct to the Edwards Air Force Base Phase I and II
Sonic Boom Evaluation Program relating to structural and subjective response which was
conducted in 1966-1967 time period (ref. 10). Approximately 2000 sonic-boom signatures
from 33 flights of the SR-71 vehicle and two flights of the F-12 vehicle were recorded.
Representative ground-pressure signature traces for both on-track and lateral
measuring-station locations are illustrated and for all signatures measured on-track the
statistical variations of the overpressure, positive impulse, wave duration, and shock-
wave rise time are tabulated. These data are useful for evaluating the effects of altitude
and Mach number on the sonic-boom ground-exposure patterns and for assessing the
suitability of available theories regarding generation and the propagation of shock waves
at high altitudes.
SYMBOLS
I0 impulse of positive phase of sonic-boom ground-pressure signature,
newton-seconds/meter^
M Mach number
Ap maximum pressure rise across bow shock wave measured at ground level,
newtons/meter^
Ato time duration of positive phase of sonic-boom ground-pressure signature,
seconds
AT total time duration of sonic-boom ground-pressure signature, seconds
T rise time of sonic-boom pressure signature (defined as time from onset of
bow shock wave to its positive maximum value of overpressure), seconds
T\/2 rise time of sonic-boom pressure signature (defined as time from onset of







All of the flight missions of table I (listed in order of increasing flight altitude)
were made in the vicinity of Edwards Air Force Base, California. The area in which the
measurements were taken has an altitude of from 700 to 1100 meters above sea level and
is generally flat with only sparse vegetation. Figure 1 is a schematic diagram showing
the test area, arrangement of facilities, deployment of sonic-boom measurement stations,

















Figure 1.- Schematic diagram showing test area, arrangement of facilities,
deployment of sonic-boom measurement stations, and microphone arrangements.
microphone arrangements at the various measurement site locations. It should be noted
that the test layout shown in figure 1 was used for the Edwards Phase I and Phase n
XB-70 sonic-boom test program reported in reference 10. The approximately 60 micro-
phones deployed for these studies were arranged in particular arrays (see ref. 10 for
detail layout) which depended on the type of flights scheduled for any given day. Because
the data of the present studies were obtained on a noninterference basis, different micro-
phone deployments existed for the different flights listed in table I.
Photographs of the primary sonic-boom measuring stations indicating the type of
terrain in which the microphones were deployed are shown in the aerial photographs of
figure 2. Figure 2(a) is a view of the house test area, figure 2(b) is a view of the site-9
area, and figure 2(c) is a view of the site-5 area which included the 2438-meter linear
array of microphones.
(a) House test area - Tango or Cruciform (view looking east).
Figure 2.- Aerial photographs of sonic-boom measurement stations used during tests.
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A photograph of an aircraft of the type used in these tests is shown in figure 3. As
indicated in table I, data were obtained primarily from flights of the SR-71 vehicle
although some data are presented for the F-12 which is of the same general type. The
SR-71 has a wing span of about 16.7 meters and a length of about 32.6 meters. The air-
craft operated out of the Edwards and Palmdale, California, areas under USAF direction.
Figure 3.- Photograph of airplane type used during tests.
Aircraft Positioning
The basic SR-71 missions included overflights of the Edwards test area. The
Edwards Air Force Base radar control did not directly control the position of these air-
craft for the sonic-boom missions; however, they did supply tracking information. The
tracking information consisted of plots of plan position, altitude, and heading, at 1-second
intervals within a 46-kilometer radius of the Rogers Dry Lake area. Altitude, ground
speed, heading, and calculated Mach number are shown in table I and are based on infor-
mation obtained from these radar plots.
The ground tracks for the flights listed in table I are shown in figure 4. Unless
noted, steady, level flight conditions were maintained at least 45 kilometers prior to
7
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Figure k.- Schematic diagram showing airplane ground tracks and headings for all
missions along with location of sonic-boom measuring sites, radar, and weather
stations. (Dotted line is estimated track.)
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entering and 45 kilometers after leaving the measurement area. Also shown on the figure
are the designated mission numbers, as well as locations of the sonic-boom measuring
sites, the radar, and the weather station. In order to synchronize the tracking data and
the data from the ground measuring stations, a 1000-Hz tone was superimposed on the
data records and radar plots at the time the aircraft passed over, or was abreast of, the
site-9 location.
Atmospheric Soundings
Rawinsonde observations for the present paper were obtained from the Edwards Air
Force Base weather facility (see figs. 1 and 4) which was located approximately 7 kilo-
meters from the house test area during the Edwards Phase I and Phase n sonic-boom
studies. These soundings (which were launched primarily for the test program of ref. 10)
were usually scheduled such that two per day were taken at approximately 1630 and
2200 GMT. Tabulations of the measured values of atmospheric pressure and tempera-
ture, the calculated values of speed of sound and wind velocity, and wind-direction values
(from the sounding taken closest to the time of flight) are given in table II at approxi-
mately 610-meter intervals.
Pressure Instrumentation
The main components of the systems used for measuring sonic-boom ground pres-
sures are described in detail in reference 1 and are the same as used in previous pro-
grams. Each channel of the measuring system used in the experiments consisted of a
specially modified microphone, tuning unit, dc amplifier, oscillograph recorder, and
magnetic tape recorder. The usable frequency range was from 0.02 to 10000 Hz, and
this range applies to all the data presented herein. The microphones have a dynamic
range from about 70 to 150 dB and have a usable response time of 20 seconds. The entire
sound measurement system was calibrated in the field by means of conventional discrete
frequency calibrators. Prior to field installation, a frequency-response calibration was
made for all microphone systems.
For ease of setup and consistency of measurements with this equipment, which was
also used in other tests in the same time period, each microphone was shock-mounted
0.15 meter above ground level with the sensitive element parallel to the reflecting sur-
face. Previous measurements (ref. 9) indicate that this type of mounting arrangement
results in only very small differences in waveform compared to those obtained in the
ground plane. Wind screens consisting of two layers of cheesecloth were employed to
minimize effects of surface winds on the microphone readings and also to provide shade
from the sun and protection from blowing sand particles.
RESULTS AND DISCUSSION
Waveform Variations
An indication of the waveform category is given in the diagrams of figure 5.
Tracings of sample sonic-boom pressure-time histories measured along the ground track
are presented in figure 6. These signatures represent the range of waveshape observed
during these studies, and they are noted to vary from a normal N-wave to a peaked wave
and to a rounded wave. These types of variation are similar to those observed for the
F-104, B-58, and XB-70 (ref. 12). The signatures of figure 6 are also used to define the
quantities of overpressure Apo, positive impulse Io, rise times r and T\/%, positive
time duration Ato, and total time duration AT. The values of these parameters are
listed in table III in ascending order of mission numbers along with the location of the
measurement station in range and direction (north or south) from the flight track. The
mission-number designation was established during the work of reference 6. With a
few exceptions complete signature data are given for those measurements within about







Figure 5.- Diagrams of waveforms which represent the various categories













Figure 6.- Tracings of measured sonic-boom pressure-time histories along
ground track showing some waveform shapes and signature definitions.
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Ground-Track Measurements
Figure 7 includes tracings of sonic-boom pressure signatures measured along the
ground track of the airplane at four altitudes varying from 10 668 to 24 384 meters and
Mach numbers from 1.4 to 3.0, respectively. The waveforms presented are of the N-wave
type. These waveforms are similar in nature to those obtained from other aircraft of
similar size (ref. 10). In general, it can be seen that the peak-pressure values decrease














Figure 7-- Tracings of sonic-boom pressure signatures measured within 5.5 km of the track
for airplane at various altitudes. (Mach number ranges from l.UO to 3-0.)
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A comparison of measured and calculated sonic-boom pressure signatures corre-
sponding to three of the four cases shown in figure 7 is presented in figure 8. Calcula-
tions are based on the currently available methods of references 13 and 14 for the Mach
number, altitude, and gross-weight conditions corresponding to the flight data. It will be
noted that good agreement exists between measured and predicted signatures relative to
shock locations, overpressure values, and signature duration for all three signatures
measured at altitudes of 10 668, 15 240, and 24 384 meters and for Mach numbers of 1.4,













Figure 8.- Tracings of measured and calculated sonic-boom pressure signatures
at various altitudes. (Mach number ranges from 1.^ 0 to 3-0.)
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The bow-wave peak overpressures obtained from signatures of the type shown in
figure 7 are presented in figure 9 as a function of airplane altitude for steady level flight.
The data of figure 9 represent results of 28 flights for a total of 928 data samples of
measurements at distances within 5.5 kilometers of the aircraft ground track and cover a
range of Mach numbers from 1.35 to 3.0. Each symbol represents an individual mission,
the blocked-in symbols represent the average of the measurements obtained on 20 to
64 microphones and the open symbols the average of the measurements obtained from 3
to 5 microphones. The circle symbols represent data from flights made during the
November 1966 to January 1967 time period for which atmospheric conditions were
observed to be somewhat more quiescent than those during the six flights of the June 1966
time period as represented by the diamond symbols.
Calculated values of bow-wave overpressure as a function of altitude corresponding
to the SR-71 experimental data points are given in figure 9. The calculated band shown
by the solid lines represents the overpressure variation for the gross-weight and Mach-
number variations of the aircraft during the experiments. Also shown on the figure by
the shaded band are the ranges of bow overpressures for the B-58 aircraft (see fig. 16 of
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Figure 9.- Measured peak overpressures within 5.5 km of ground track as a function
of altitude for airplanes in steady level flight. Data are presented for a
range of Mach numbers from 1.35 to 3.0.
14
It can be seen from figure 9 that the SR-71 measurements are in good agreement
with the calculated values and are in general agreement with the measurements and calcu-
lations for the B-58 aircraft operating in the same altitude range but at lower Mach num-
bers. The similarity of the two curves indicates that Mach number has little influence on
the overpressure. In addition, the experimental data suggest that no unusual phenomena
were observed for the high-altitude flight and high-Mach-number conditions of these tests.
Lateral Spread Measurements
Tracings of sonic-boom signatures at various lateral distances out to about 50 kilo-
meters from the ground track for flights at an altitude of about 22 860 meters and a Mach















Figure 10.- Tracings of sonic-boom ground-pressure signatures at various lateral distances
from the ground track for the airplane at an altitude of about 22 860 meters and a Mach
number of about 3-0.
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signatures are seen to have the gross features of N-waves except for extreme lateral
distances. The rise times of the signatures of figure 10 become longer and the overpres-
sures decrease as the lateral distance from the flight track increases. These findings
are similar to those obtained on other aircraft. (See refs. 6 and 9.)
Overpressure data from signatures of the type shown in figure 10 and included in
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(b) Altitude range 21 245 to 21 580 meters.
75
50 25 0 25 50
(c) Altitude range 22 311 to 22 890 meters.
75
50 25 0 25
Lateral distance from track, km
(d) Altitude range 23 226 to 24 384 meters.
Figure 11.- Sonic-boom overpressures as a function of lateral distance for various
altitude ranges. (Mach number ranges from 1.92 to 3.0.)
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four altitude ranges. Symbol codes similar to those of figure 9 have been used wherein
each symbol represents the average of a number of measurements for each mission. The
solid curves shown in figure 11 are the predicted overpressure variations. The dashed
vertical lines are estimates of the lateral extent of the pressure patterns based on atmo-
spheric refraction (ref. 15). The overpressures are seen generally to be a maximum
along the ground track and decrease with increasing lateral distance. The prediction of
the lateral cut-off point appears to correlate well with the data for the Mach-number and
altitude ranges of these tests.
Statistical Variation
The data of table HI have been analyzed to determine the statistical variations of
peak overpressures Apo, positive impulse values I0, time durations At0 and AT, and
rise times r and T\/2- The data are presented in the form of histograms and a prob-
ability plot in figures 12 to 16 for all flights in the altitude range from 21 336 to
24 384 meters and for measurements made within 5.5 kilometers of the aircraft ground
track. Similar information relative to the same aircraft and altitude and Mach-number
range is contained in reference 11 for measurements obtained at offset distances 8 kilo-
meters away from the aircraft ground track.
Peak overpressure.- Figure 12 contains a histogram showing the variation of the
measured ground pressures. The results shown are for 22 flights from which 704 data
samples were obtained. The overpressure interval was taken as 2.4 N/m2. It can be
seen that the largest number of events is associated with overpressure values of the order
of 43 N/m2. Values ranged from about 26.3 N/m2 to about 96 N/m2 and one extreme
value of about 125 N/m2 was encountered.
The results of the histogram of overpressure variation of figure 12 are shown in
figure 13 as the probability of equaling or exceeding the ratio of the measured overpres-
sure to the nominal calculated value in a standard atmosphere. A straight line has been
faired through the data points. For this type of presentation, if the logarithm of the data
fit a straight line the overpressure would follow a normal distribution. The slope of the
line is an indication of the variability. The results indicate that 50 percent of the occur-
rences can be expected to equal or exceed the calculated (nominal) value and that one boom
out of 1000 will exceed the nominal value by a factor of 2 or greater.
Positive impulse.- A presentation similar to that of figure 12 is shown in figure 14
for the positive impulse values. An examination of the histogram of figure 14 indicates
that the variability in the impulse is generally less than for the associated overpressures
of figure 12, and this result is consistent with the findings of other similar studies
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Figure 12.- Histogram showing variability of peak bow-wave overpressure of
sonic-boom signatures for an altitude range from 21336 to 2^38^ meters.





















Figure 1J.- Probability of exceeding given values of the ratios of measured to
calculated ground overpressures for the SR-71 airplane during measurements
in the Edwards area. Data are presented for an altitude range from 21 336


















Figure Ik.- Histogram showing variability of positive impulse of sonic-boom
signatures for an altitude range from 21336 to 2^ 38^  meters. Data are
for measurements within 5«5 tan °f ground track.
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Signature durations.- Figures 15(a) and 15(b) are histograms showing the vari-
ability of the total time durations AT and the positive time durations Ato, respectively,
of the sonic-boom signatures. It can be noted that variations of the order of 25 percent
exist and these are consistent with similar data shown for the B-58 in reference 10.
Variations of the positive time durations and the overpressures can both cause variations
in the impulse; however, inspection of figures 12, 14, and 15 suggests that the overpres-
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(a) Total time duration. (b) Positive time duration.
Figure 15-- Histograms showing variability of the time durations of sonic-boom
signatures for an altitude range from 21336 to 2?38^ meters. Data are for
measurements within 5-5 k™ of ground track.
Rise time.- The data of figure 16 relate to the rise times of the waves as defined in
the inset sketch of figure 16(a). For all types of waves diagrammed in figures 5 and 6,
the rise time is defined as the time from the onset of bow-shock overpressure to the
time of the maximum overpressure value and Tj/2 is the rise time to half amplitude.
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Rise-time data are plotted in histogram form for the absolute values of rise times, rise
time per unit overpressure, and rise time to half amplitude in figures 16(a), 16(b), and
16(c), respectively. It is shown in figure 16(a) that absolute rise-time values range from
near zero to as large as about 0.065 second with the highest occurrence at about 0.009 sec-
ond. Considerably smaller values of t\/i (rise time to half amplitude) are observed
since the waveforms generally tend to exhibit rapid rise times at the onset of the bow
shock with signature variations occurring thereafter. This can be illustrated by com-
paring the distributions of figures 16(b) and 16(c). Normally, longer rise times are asso-
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(a) Rise time T to maximum amplitude.
Figure 16.- Histogram showing variations of bow-wave rise time to peak value of over-
pressure as measured from flights within 5.5 km of ground track for the altitude
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Variation of Rise Time and Altitude
Since the rise time of the wave is a significant factor in the subjective response to
sonic booms an evaluation of this parameter was made for the range of flight conditions
encountered. These data are presented in figure 17 in terms of the variation of the bow-
wave rise times as a function of altitude for measurements made within 5.5 kilometers
of the ground track. The data symbols represent the average values of the measurements
Data samples Dates
O 3 to 10 June '66
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(a) Rise time T to maximum amplitude.
Figure 17-- Variation of bow-wave rise time to peak value of overpressure as measured from
flights within 5-5 km of ground track as a function of altitude. Data symbols represent
average values for each flight along with maximum and minimum values observed.
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and the vertical lines indicate the extreme spread of the data observed for each particular
flight. Shown in figure 17(a) are the absolute values of rise time to maximum amplitude
and in figure I7(b) the rise time per unit overpressure. It can be seen from the figures
that there-is considerable scatter, but, in general, the rise times increase as the altitude
of the aircraft increases. These results are similar to those obtained for other aircraft
(see fig. 17 of ref. 7 and fig. 5 of ref. 16). There is, therefore, the suggestion that the
increased altitude results generally in longer rise times.
Data samples Dates
0 3 to 10 June '66
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Sonic-boom measurements have been obtained from 35 flights of the SR-71 and F-12
aircraft at altitudes from 10 620 to about 24400 meters and Mach numbers 1.35 to 3.0,
respectively. No unusual phenomena regarding overpressure variations with altitude and
lateral distance or the variability of sonic-boom signature waveform due to atmospheric
nonuniformities in the lower atmosphere were encountered for the high-altitude and high-
Mach-number range of these tests. The experimental results fit generally into the estab-
lished patterns of other available sonic-boom flight data from F-104, B-58, and XB-70
aircraft and also correlate very well with current prediction methods utilizing existing
theory.
Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va. June 30, 1972.
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